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H[WUDRUGLQDU\HOHFWURQLFFRQGXFWLYLW\DQGDYDLODELOLW\RIDFFHVVLEOHVXUIDFHDUHDIRUFDWDO\VWVQDQRSDUWLFOHWRLQGXFH
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EHHQ PDGH WR V\QWKHVL]H 3G QDQRSDUWLFOHV ZLWK XQLIRUP GLVSHUVLRQ WKDW FDQ SURYLGH ODUJH DFWLYH VXUIDFH DUHDV
QHFHVVDU\ IRU HIILFLHQW FDWDO\VLV >@ 7KLV FDQ EH DFFRPSOLVKHG HLWKHU E\ FRQWUROOLQJ WKH PHWDO SUHFXUVRU
FRQFHQWUDWLRQRUE\XVLQJDKLJKVXUIDFHDUHDFDUERQVXSSRUWRUDFRPELQDWLRQRIERWK7KHSUHVHQWVWXG\GLVFXVVHV
WKH LPSURYHPHQWVPDGH LQ WKH GLVSHUVLRQ RI 3G SDUWLFOHV V\QWKHVL]HG XVLQJ SRWHQWLRVWDWLF GHSRVLWLRQ IURP DFLGLF
PHGLXP RQ VXSSRUW PDWHULDO VXFK DV 9;& DQG :$6 DFWLYDWHG FDUERQ 7KH DFWLYLW\ WRZDUGV R[\JHQ UHGXFWLRQ
UHDFWLRQ255DQGIRUPLFDFLGR[LGDWLRQZDVFRPSDUHGEHWZHHQWKH3GVXSSRUWHGHOHFWURFDWDO\VWV
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DWRUEHORZP0


)LJ6FDQQLQJHOHFWURQPLFURJUDSKVRI3GFDWDO\VWHOHFWURGHSRVLWHGRQ9XOFDQ;&5VXSSRUWDW9DQGGLIIHUHQWSUHFXUVRU
FRQFHQWUDWLRQVIRUVHFRQGVDP0EP0FP0GP0DQGHP0(OHFWURGHSRVLWLRQEDWKFRQVLVWV
RI3G&OLQ0+&O21XPEHURIHOHFWURFKHPLFDODFWLYDWLRQF\FOHVEHIRUHGHSRVLWLRQ/RDGLQJRIFDUERQȝJFP
I/LQHDUVZHHSYROWDPPRJUDPVRI3GFDWDO\VWLQR[\JHQVDWXUDWHG0+62VROXWLRQDWDVFDQUDWHRIP9V
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$VWKHFRQFHQWUDWLRQLVLQFUHDVHGWKHLQLWLDOQXPEHURIUHGXFHGPHWDODWRPVLVLQFUHDVHGDQGWKHFORVHSUR[LPLW\
RIDWRPVUHVXOWVLQWKHIRUPDWLRQRIODUJHQXFOHXV7KHVXEVHTXHQWFU\VWDOJURZWKUDWHVRIWKHVHQXFOHLZLOOEHFRPH
IDVW LQ OLQH ZLWK WKH IRUPDWLRQ RI QXFOHL EHFDXVH RI WKH LQFUHDVLQJ FRQFHQWUDWLRQ RIPHWDO LRQV LQ WKH VROXWLRQ
WKHUHE\ IDYRULQJ D JRRG GHSRVLWLRQ ZLWK LPSURYHG GLVSHUVLRQ $W KLJKHU FRQFHQWUDWLRQV DERYH  P0 WKH IDVW
IRUPDWLRQRIODUJHQXFOHLIROORZHGE\WKHLQFUHDVHGFU\VWDOJURZWKLQFUHDVHZLOOEHGUDVWLFGXHWRWKHDYDLODELOLW\RI
PRUHQXPEHURIUHGXFHGPHWDODWRPVZRXOGUHVXOWLQWKHDJJUHJDWLRQRI3GSDUWLFOHVZLWKWKHLQFUHDVHLQSUHFXUVRU
FRQFHQWUDWLRQ+HQFHP03G&ODSSHDUVWREHWKHRSWLPXPFRQFHQWUDWLRQWRREWDLQDZHOOGLVSHUVHGPRUSKRORJ\
RI3GQDQRSDUWLFOHV
)LJXUHIVKRZVWKHOLQHDUVZHHSYROWDPPRJUDPV/69VRIWKH3GFDWDO\VWVGHSRVLWHGDW9XVLQJGLIIHUHQW
FRQFHQWUDWLRQVRISUHFXUVRULQR[\JHQVDWXUDWHG0+62VROXWLRQDWDVFDQUDWHRIP9V$VFDQEHVHHQ
WKHUHLVDQLQFUHDVLQJWUHQGLQ255DFWLYLW\IRUWKH3GFDWDO\VWVGHSRVLWHGIURPP0FRQFHQWUDWLRQWRDQG
P0DQGWKHUHGXFWLRQFXUUHQWGHFUHDVHGIRUWKH3GFDWDO\VWVGHSRVLWHGDWLQFUHDVHGSUHFXUVRUFRQFHQWUDWLRQLHDW
DQGP0$VHYLGHQWIURP6(0LPDJHVWKHSDUWLFOHVJURZWRELJJHUVL]HZLWKSRRUGLVSHUVLRQEH\RQGP0
ZKLFK UHVXOWV LQ GHFOLQDWLRQ RI UHGXFWLRQ FXUUHQW ZKHQ 3G GHSRVLWHG DW KLJKHU SUHFXUVRU FRQFHQWUDWLRQV 7KH
DJJUHJDWLRQRI3GQDQRSDUWLFOHVLVEHOLHYHGWRUHGXFHWKHPHWDOXWLOL]DWLRQHIILFLHQF\DQGGHFUHDVHWKHDFWLYLW\>@

(IIHFWRIFDWDO\VWVXSSRUW
,QWKHSUHYLRXVVHFWLRQLWZDVREVHUYHGWKDWDJJUHJDWLRQRI3GSDUWLFOHVGHFUHDVHGWKH255DFWLYLW\$QHIILFLHQW
ZD\ WR DFKLHYH KLJKHU XWLOL]DWLRQ RI WKH PHWDO FDWDO\VW LV E\ EHWWHU GLVSHUVLRQ RQ WKH FDUERQ VXSSRUW +HQFH WR
GHPRQVWUDWHWKHGLVSHUVLRQRI3GE\FKDQJLQJWKHVXSSRUWPDWHULDOZHKDYHFKRVHQDFDVHRIDJJUHJDWHIRUPDWLRQ
HJHOHFWURGHSRVLWLRQIURPP0VHH)LJXUHHDVGLVFXVVHGDERYHDQGFKDQJHGWKHVXSSRUWPDWHULDOIURP9;&
WRKLJKVXUIDFHDUHD:$6DFWLYDWHGFDUERQ


)LJ6FDQQLQJHOHFWURQPLFURJUDSKVRI3GHOHFWURGHSRVLWHGDW9RQGLIIHUHQWFDUERQEDVHGVXSSRUWD9XOFDQ;&5DQG
EZRRG DSSOH VKHOO DFWLYDWHG FDUERQ &DUERQ VXSSRUWZDV VXEMHFWHG WR  F\FOHV RI HOHFWURFKHPLFDO DFWLYDWLRQ LQ QLWURJHQ
VDWXUDWHG0+62SULRUWRGHSRVLWLRQ3GZDVHOHFWURGHSRVLWHGIURPP03G&OLQ0+&O2/RDGLQJRIFDUERQRQ
JUDSKLWHVXEVWUDWHJFPF6FDQQLQJHOHFWURQPLFURJUDSKRIWKHZRRGDSSOHFDUERQZLWKRXWPHWDOGHSRVLWLRQG(';
VSHFWUDRIWKHHOHFWURGHSRVLWHG3G,QVHWVKRZWKHUHVSHFWLYHKLJKHUPDJQLILFDWLRQVFDQQLQJHOHFWURQPLFURJUDSKV
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&DUERQ PDWHULDO SUHSDUHG IURP ZRRG DSSOH VKHOO :$6 LV NQRZQ WR KDYH D VXUIDFH DUHD RI  P J LQ
FRPSDULVRQWR9;&ZLWKPJDQGFRPSDUDEOHSRUHYROXPHLHFPJIRU:$6DQGFPJIRU
9;&7KHOLPLWHGPRELOLW\RIWKHFU\VWDOOLWHVGXULQJWKHFDUERQLVDWLRQFKDUULQJV\QWKHVLVSURFHVVZRXOGUHVXOWLQ
WKH IRUPDWLRQRI ULJLGDPRUSKRXV VWUXFWXUH IRU:$6$V D UHVXOW:$6DFWLYDWHGFDUERQFDQ IRUPDPDFURVFRSLF
PRQROLWKLF VWUXFWXUH ZLWK KLJK SRURVLW\ DQG JRRG HOHFWURQLF FRQGXFWLYLW\ ZKLFK FDQ EH XVHG DV DQ DOWHUQDWLYH
FDWDO\VWVXSSRUWLQIXHOFHOOV>@
7RVWXG\WKHLQIOXHQFHRIVXSSRUWRQGLVSHUVLRQ3GZDVGHSRVLWHGRQ:$6DFWLYDWHGFDUERQDWDSRWHQWLDORI
9ZKLOHNHHSLQJWKHSUHFXUVRUFRQFHQWUDWLRQDWP0)LJXUHFRPSDUHVWKH6(0LPDJHVRI3GFDWDO\VWGHSRVLWHG
DW9RQ9;&DQG:$6DFWLYDWHGFDUERQ$VFDQEHVHHQRQFKDQJLQJWKHVXSSRUWPDWHULDOIURP9;&WR:$6
WKHGLVSHUVLRQRI3GQDQRSDUWLFOHVRQ WKH VXUIDFHRIDFWLYDWHGFDUERQ LV LPSURYHGZLWKPHWDOGLVSHUVLRQRQ:$6
FDUERQEHLQJPRUHSURPLQHQW )LJXUHE7KHKLJKHUPDJQLILFDWLRQ6(0LPDJHV LQ WKH LQVHWRI)LJXUHDE
IXUWKHU FRQILUPV WKH LPSURYHPHQW LQ PHWDO GLVSHUVLRQ ZLWK WKH FKDQJH LQ VXSSRUW PDWHULDO IURP 9;& WR:$6
DFWLYDWHGFDUERQ
,W LV JHQHUDOO\EHOLHYHG WKDW WKHSRURXVQDWXUHRI WKH DPRUSKRXVPDWHULDOV OLNH:$6DFWLYDWHG FDUERQ OHDGV WR
ODUJH LQWHUQDO VXUIDFH DUHD SHU XQLW ZHLJKW DQG SRWHQWLDOO\ RIIHUV PRUH VLWHV IRU FDWDO\VW GHSRVLWLRQ WKDQ RWKHU
YDULHWLHVRIFDUERQ6(0LPDJHIURP)LJXUHFHYLGHQFH WKHSRURXVQDWXUHRI WKHFDUERQSUHSDUHGIURP:$6
7KHUHSUHVHQWDWLYH(';LPDJHVKRZQLQ)LJXUHGFRQILUPVWKHGHSRVLWLRQRI3GRQWKHFDUERQEDVHGVXSSRUWE\
HOHFWURGHSRVLWLRQ7KXVLWFDQEHFRQVLGHUHGWKDWWKHVHPDWHULDOVIDFLOLWDWHWKHGLVSHUVLRQRI3GPHWDOSDUWLFOHVGXULQJ
WKHHOHFWURFKHPLFDOGHSRVLWLRQ>@)URPWKH6(0LPDJHVLWFDQEHVXJJHVWHGWKDW:$6DFWLYDWHGFDUERQKDVD
VLJQLILFDQWLQIOXHQFHLQLPSURYLQJWKHGLVSHUVLRQRI3GQDQRSDUWLFOHVRYHUWKDWRI9;&
(OHFWURFKHPLFDOVXUIDFHDUHD
)LJXUH FRPSDUHV WKH F\FOLF YROWDPPRJUDPVRI3GGHSRVLWHGRQ9;&DQG:$6DFWLYDWHG FDUERQ VXSSRUW LQ
QLWURJHQ VDWXUDWHG0+62 DW D VZHHS UDWH RI P9V DQG URRP WHPSHUDWXUH$V FDQEH VHHQ W\SLFDO+
DGVRUSWLRQGHVRUSWLRQ R[LGH IRUPDWLRQVWULSSLQJ SHDNV DUH REVHUYHG LQ ERWK WKH FDVHV LQGLFDWLYH RI 3G VXUIDFH
HOHFWURFKHPLVWU\ ,W FDQ EH VHHQ WKDW WKH FDWDO\VWV H[KLELW ZHOONQRZQ K\GURJHQ DGVRUSWLRQ +DGV DQG GHVRUSWLRQ
+GHV LQWKHSRWHQWLDOUHJLRQRIWR9YV5+(DQG3GR[LGHIRUPDWLRQDQGUHGXFWLRQZLWKLQWR9YV
5+(>@+RZHYHULWPD\EHQRWHGWKDWWKHRQVHWSRWHQWLDORI3GR[LGHUHGXFWLRQLV9ZKHQ3GGHSRVLWHGRQ
ZRRGDSSOHFDUERQLQFRQWUDVW WR3GRQ9XOFDQLH9DVJLYHQLQ7DEOH(OHFWURFKHPLFDOO\DFWLYHVXUIDFH
DUHD (6$ SURYLGHV LQIRUPDWLRQ RQ WKH DYDLODEOH DFWLYH VLWHV RI FDWDO\VWV ZKLFK DFFRXQW IRU WKH DFFHVV RI D
FRQGXFWLYHSDWKDYDLODEOHWRWUDQVIHUHOHFWURQVWRDQGIURPWKHHOHFWURGHVXUIDFH>@7KHHOHFWURFKHPLFDOVXUIDFH
DUHD (6$ RI WKH HOHFWURGHSRVLWHG 3G FDWDO\VWV RQ FDUERQ VXSSRUW ZDV FDOFXODWHG IURP WKH DUHDV RI K\GURJHQ
DGVRUSWLRQGHVRUSWLRQDIWHUGHGXFWLRQRIWKHGRXEOHOD\HUUHJLRQE\DGDSWLQJWKHDVVXPSWLRQWKDWLVWKHFKDUJH
ȝ&FP3GUHTXLUHGWRR[LGL]HDPRQROD\HURIK\GURJHQRQDVPRRWK3GVXUIDFH>@7KHFRXORPELFFKDUJHIRU
K\GURJHQDGVRUSWLRQGHVRUSWLRQ4DGV4GHVZDVXVHGWRFDOFXODWHWKHDFWLYHSDOODGLXPVXUIDFHRIWKHHOHFWURGHV7KH
FDOFXODWHG(6$RI3GRQERWK9;&DQG:$6DFWLYDWHGFDUERQVXSSRUWDUHWDEXODWHGLQ7DEOH6LPLODU(6$YDOXHV
ZHUHUHSRUWHGE\7LDQHWDOIRU3GRQ9;&>@
7DEOH   7DEOH FRPSDULQJ WKHPRUSKRORJ\ HOHFWURFKHPLFDO VXUIDFH DUHD FDOFXODWHG IURPK\GURJHQ DGVRUSWLRQGHVRUSWLRQ H[SHULPHQWV DQG
RQVHWRI3GR[LGHUHGXFWLRQIRU3GFDWDO\VWHOHFWURGHSRVLWHGRQ9XOFDQDQGZRRGDSSOHFDUERQ
'HSRVLWLRQSRWHQWLDO 7\SHRIFDUERQ 0RUSKRORJ\RI3G 2QVHWRI3GR[LGHUHGXFWLRQ9 (6$FP

9 9XOFDQ;&5 ,UUHJXODUVSKHULFDODJJORPHUDWHV a 
9 :RRGDSSOHVKHOODFWLYDWHGFDUERQ 'LVSHUVHGVSKHULFDOSDUWLFOHV a 


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
)LJ&RPSDULVRQRIWKHF\FOLFYROWDPPRJUDPVRI3GFDWDO\VWVGHSRVLWHGLQQLWURJHQVDWXUDWHG0+62DWDVFDQUDWHRI
P9 V D9XOFDQ;&5 DQG EZRRG DSSOH VKHOO DFWLYDWHG FDUERQ &DUERQ VXSSRUWZDV VXEMHFWHG WR  F\FOHV RI
HOHFWURFKHPLFDODFWLYDWLRQLQQLWURJHQVDWXUDWHG0+62SULRUWRGHSRVLWLRQ3GZDVHOHFWURGHSRVLWHGIURPP03G&OLQ
0+&O2/RDGLQJRIFDUERQRQJUDSKLWHVXEVWUDWHJFP
7R IXUWKHU H[DPLQH WKH HOHFWURFKHPLFDO SURSHUWLHV RI LUUHJXODU DJJORPHUDWHG 3G9;& DQG GLVSHUVHG 3G:$6
DFWLYDWHGFDUERQ&2VWULSSLQJYROWDPPHWU\ZDVFDUULHGRXW)LJXUHDVKRZVWKH&2VWULSSLQJYROWDPPRJUDPRI
3G9;& DQG WKH VXEVHTXHQW F\FOLF YROWDPPRJUDP LQ  0 +62 DW D VFDQ UDWH RI  P9 V± 6LPLODU
YROWDPPRJUDP ZDV DOVR REVHUYHG IRU WKH GLVSHUVHG 3G:$6 DFWLYDWHG FDUERQ DV VKRZQ LQ )LJXUH E 7KH
YROWDPPRJUDPVKRZHGDVLQJOHR[LGDWLRQSHDNGXULQJWKHILUVWVFDQZKHUHDVQR&2R[LGDWLRQZDVREVHUYHGLQWKH
VHFRQG VFDQ FRQILUPLQJ WKH FRPSOHWH UHPRYDO RI WKH DGVRUEHG &2 VSHFLHV >@ 7KH (6$ YDOXHV RI WKH
HOHFWURGHSRVLWHG3GFDWDO\VWVZDVGHWHUPLQHGIURP&2VWULSSLQJYROWDPPHWU\XVLQJWKH&2R[LGDWLRQFKDUJHDIWHU
VXEWUDFWLQJ WKH EDFNJURXQG FXUUHQW RI WKH VXEVHTXHQW &9 FXUYHV ZLWK WKH DVVXPSWLRQ RI  & FP± DV WKH
R[LGDWLRQFKDUJHIRURQHPRQROD\HURI&2RQDVPRRWK3GVXUIDFH>@
7DEOH 7DEOH FRPSDULQJ WKHPRUSKRORJ\ HOHFWURFKHPLFDO VXUIDFH DUHD FDOFXODWHG IURP&2VWULSSLQJYROWDPPHWU\ DQGRQVHW RI3GR[LGH
UHGXFWLRQIRU3GFDWDO\VWHOHFWURGHSRVLWHGRQ9XOFDQDQGZRRGDSSOHFDUERQ
'HSRVLWLRQ
SRWHQWLDO 7\SHRIFDUERQ 0RUSKRORJ\RI3G
2QVHWSRWHQWLDO
9
3HDNSRWHQWLDO
9 (6$&2FP

9 9XOFDQ;&5 ,UUHJXODUVSKHULFDODJJORPHUDWHV a a 
9 :RRGDSSOHVKHOODFWLYDWHGFDUERQ
'LVSHUVHGVSKHULFDO
SDUWLFOHV a a 

7KH PHDVXUHG (6$ YDOXHV IRU DJJORPHUDWHG 3G9;& DQG GLVSHUVHG 3G QDQRSDUWLFOHV:$6 DFWLYDWHG FDUERQ
DORQJZLWK WKHRQVHWDQGSHDNSRWHQWLDOVRI&2R[LGDWLRQDUHJLYHQ LQ7DEOH$VHYLGHQW IURPWKH&2VWULSSLQJ
YROWDPPRJUDPVQR VLJQLILFDQWYDULDWLRQ LQ WHUPVRIRQVHWSRWHQWLDO DQGSHDNSRWHQWLDOZDVREVHUYHG IRUERWK WKH
FDWDO\VWV7RPDNHDFRPSDWLEOHFRPSDULVRQWKH(6$YDOXHVREWDLQHGLQPJZHUHFRQYHUWHGWRFPE\PXOWLSO\LQJ
ZLWK3G ORDGLQJ GHWHUPLQHG XVLQJ ,&32(6PHDVXUHPHQWV+RZHYHU DV VHHQ IURP7DEOH WKH(6$ LQFUHDVHG
IURP FP IRU DJJORPHUDWHG3G9;& WR FP IRU WKHGLVSHUVHG3G:$6DFWLYDWHG FDUERQ LQGLFDWLQJ WKH
SUHVHQFH RI PRUH DFWLYH VXUIDFH VLWHV DQG LPSURYHG XWLOL]DWLRQ RI WKH FDWDO\VW 6XFK DQ LPSURYHPHQW FRXOG EH
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JHQHUDOO\DWWULEXWHGWRWKHHIIHFWLYHXWLOL]DWLRQRIWKH3GPHWDO2QFRPSDULVRQWKH(6$YDOXHVREWDLQHGIURP&2
VWULSSLQJ YROWDPPHWU\ DUH LQ UHODWLYHO\ IDLU DJUHHPHQW ZLWK WKRVH REWDLQHG IURP K\GURJHQ DGVRUSWLRQGHVRUSWLRQ
H[SHULPHQWV7KHVHUHVXOWVVLJQLILHVDEHQHILFLDOHIIHFWRIGLVSHUVHG3GQDQRSDUWLFOHVRQ:$6DFWLYDWHGFDUERQRYHU
WKDWRIDJJORPHUDWHG3G9;&LQWHUPVRIFDWDO\VWXWLOL]DWLRQ


)LJ&RPSDULVRQRI&2VWULSSLQJYROWDPPRJUDPVRI3GFDWDO\VWVGHSRVLWHGRQD9XOFDQDQGEZRRGDSSOHVKHOODFWLYDWHG
FDUERQLQ0+62DWDVFDQUDWHRIP9VDIWHUFRPSOHWHDGVRUSWLRQRI&2DQGVXEVHTXHQWSXUJLQJRIWKHVROXWLRQZLWK
QLWURJHQ&DUERQVXSSRUWZDVVXEMHFWHGWRF\FOHVRIHOHFWURFKHPLFDODFWLYDWLRQLQQLWURJHQVDWXUDWHG0+62SULRUWR
GHSRVLWLRQ3GZDVHOHFWURGHSRVLWHGIURPP03G&OLQ0+&O2/RDGLQJRIFDUERQRQJUDSKLWHVXEVWUDWHJFP
2[\JHQUHGXFWLRQUHDFWLRQ
7KHDFWLYLW\RI3GFDWDO\VWGHSRVLWHGRQERWKWKHFDUERQVXSSRUWWRZDUGV255ZDVHYDOXDWHG&RPSDULVRQRIWKH
OLQHDUVZHHSYROWDPPRJUDPVUHFRUGHGIRUHOHFWURGHSRVLWHG3GRQ9;&DQG:$6DFWLYDWHGFDUERQLQ0+62
VROXWLRQVDWXUDWHGZLWKR[\JHQDWDVFDQUDWHRIP9VDQGURRPWHPSHUDWXUHDUHVKRZQLQ)LJXUH
$V FDQ EH VHHQ 3G GHSRVLWHG RQZRRG DSSOH VKHOO FDUERQ VXSSRUW GLVSOD\HG KLJK255 DFWLYLW\ FRPSDUHG WR
3G9;&,WKDVEHHQUHSRUWHGWKDWFDUERQPDWHULDOVZLWKKLJKVXUIDFHDUHDDQGJRRGFU\VWDOOLQLW\FDQSURYLGHDKLJK
GLVSHUVLRQRIPHWDOQDQRSDUWLFOHVDQGLQIOXHQFHWKHHOHFWURFKHPLFDOSURSHUWLHVZKHQXVHGDVDVXSSRUW LQIXHOFHOO
FDWDO\VLV>@0RUHRYHUZRRGDSSOHFDUERQZLWKJRRGSRURVLW\LVUHSRUWHGWRKDYHPRUHSRWHQWLDOVLWHVIRUFDWDO\WLF
GHSRVLWLRQ WKDQ RWKHU YDULHWLHV RI FDUERQ >@9LVZDQDWKDQ HW DO >@ UHSRUWHG WKDW 3W GHSRVLWHG RQZRRG DSSOH
FDUERQ UHVXOWHG LQ WKH IRUPDWLRQ RI GLVSHUVHG 3W SDUWLFOHV ZLWK HQKDQFHG DFWLYLWLHV WRZDUGV PHWKDQRO R[LGDWLRQ
UHODWLYHWR3W9;&7KH\DWWULEXWHGWKLVWRWKHSRURXVQDWXUHDQGKLJKVXUIDFHDUHDRIZRRGDSSOHFDUERQ6LQFHWKH
SUHSDUHG:$6DFWLYDWHGFDUERQKDVJRRGSRURVLW\DVVHHQIURP)LJXUHFWKLVFDQEHFRQVLGHUHGLQVWUXPHQWDOLQ
LPSURYLQJWKHGLVSHUVLRQRI3GPHWDOFDWDO\VWWKHUHE\LPSURYLQJLWVSHUIRUPDQFHWRZDUGV255UHODWLYHWR3G9;&
2QWKHRWKHUKDQGDVVHHQLQ7DEOHWKHSRVLWLYHRQVHWSRWHQWLDORI3GR[LGHUHGXFWLRQRQ:$6DFWLYDWHGFDUERQ
UHODWLYH WR WKDWRI3GGHSRVLWLRQRQ9XOFDQVXJJHVWV WKDW WKH IRUPHU VXSSRUWPLJKWKDYH UHGXFHGR[RSKLOLFQDWXUH
LHZHDNHQHGFKHPLFDODGVRUSWLRQHQHUJ\ZLWKR[\JHQFRQWDLQLQJVSHFLHVWKDQWKDWRIWKHODWHU>@
2Q FRPSDULQJ WKH RQVHW SRWHQWLDOV IRU R[\JHQ UHGXFWLRQ 3G GHSRVLWHG RQ :$6 DFWLYDWHG FDUERQ VKRZHG D
SRVLWLYHVKLIWLQRQVHWSRWHQWLDOUHODWLYHWR3GGHSRVLWHGRQ9;&LH9IRU3G:$6YV9IRU3G9;&
%HVLGHV WKH SRURVLW\ WKH UHGXFHG R[RSKLOLFLW\ FRXOG DOVR KDYH IDYRUHG LQ LPSURYLQJ WKH DFWLYLW\ RI 3G:$6
DFWLYDWHG FDUERQ WRZDUGV 255 DV UHSRUWHG E\ +DPRXGL HW DO >@ 7KH LQVHW LQ )LJXUH  FRPSDUHV WKH FXUUHQW
GHQVLW\YDOXHVDW9ZKHUHWKHFXUUHQWGHQVLWLHVDUHȝ$FPDQGȝ$FPIRU3GGHSRVLWHGRQ:$6DQG
9;&UHVSHFWLYHO\7KHKLJKHUDFWLYLW\RI3GGHSRVLWHGRQ:$6DFWLYDWHGFDUERQWKDQWKDWRI9;&FRXOGEHGXHWR
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LPSURYHGGLVSHUVLRQRI3GQDQRSDUWLFOHVDQGLQFUHDVHG(6$7KHVHUHVXOWVFOHDUO\HYLGHQFHWKHHIIHFWLYHQHVVRI3G
XWLOL]DWLRQRQFKDQJLQJWKHVXSSRUWIURP9;&WR:$6DFWLYDWHGFDUERQ


)LJ&RPSDULVRQRIOLQHDUVZHHSYROWDPPRJUDPVRI3GFDWDO\VWVGHSRVLWHGRQD9XOFDQDQGEZRRGDSSOHVKHOODFWLYDWHG
FDUERQ LQR[\JHQVDWXUDWHG0+62GHSRVLWHGDWD VFDQ UDWHRIP9V&DUERQVXSSRUWZDV VXEMHFWHG WRF\FOHVRI
HOHFWURFKHPLFDODFWLYDWLRQLQQLWURJHQVDWXUDWHG0+62SULRUWRGHSRVLWLRQ3GZDVHOHFWURGHSRVLWHGIURPP03G&OLQ
0+&O2/RDGLQJRIFDUERQRQJUDSKLWHVXEVWUDWHJFP,QVHWFRPSDUHVWKHFXUUHQWGHQVLWLHVDW9
)RUPLFDFLGR[LGDWLRQ
7R HYDOXDWH WKH HOHFWURFDWDO\WLF SHUIRUPDQFH RI WKH 3G FDWDO\VW F\FOLF YROWDPPHWULF FXUYHV ZHUH UHFRUGHG LQ
QLWURJHQ VDWXUDWHG 0+&22+ LQ 0+62 LQ WKH SRWHQWLDO UDQJH IURP 9 WR 9 DW D VFDQ UDWH RI 
P9VDQGURRPWHPSHUDWXUH)LJXUHVKRZVWKHFRPSDULVRQRIF\FOLFYROWDPPRJUDPVRIHOHFWURGHSRVLWHG3GRQ
9;& DQG:$6 DFWLYDWHG FDUERQ VXSSRUW 7KH VKDSH RI YROWDPPRJUDP RI WKH 3G GHSRVLWHG RQ:$6 DFWLYDWHG
FDUERQ LV DV H[SHFWHG IRU 3G ZLWK WKH H[LVWHQFH RI RQH IRUZDUG R[LGDWLRQ SHDN DQG EDFNZDUG R[LGDWLRQ SHDN
UHVSHFWLYHO\>@7KHSHDNDW9FRUUHVSRQGVWRWKHGLUHFWR[LGDWLRQRIIRUPLFDFLGOHDGLQJWRWKHIRUPDWLRQRI
&2DVWKHHQGSURGXFW$PLQRUKXPSREVHUYHGDWDERXW9LVGXHWR3GR[LGDWLRQ
2QUHYHUVLQJWKHVFDQDSHDNLVREVHUYHGDW9ZKLFKLVGXHWRWKHR[LGDWLRQRIIRUPLFDFLGRQWKHIUHHDFWLYH
VXUIDFHVLWHVDIWHUWKHUHGXFWLRQRI3G2LHWKHDQRGLFFXUUHQWGHQVLW\DW9GXHWRUHGXFWLRQRISDOODGLXPR[LGH
H[SRVLQJIUHVK3GDWRPVLWHVIRUWKHHOHFWURR[LGDWLRQRI+&22+>@6WULSSLQJRIWKHDEVRUEHGLQWHUPHGLDWHVDQG
UHJHQHUDWLRQRIWKH3GVXUIDFHLVUHSRUWHGE\VHYHUDODXWKRUV>@)XUWKHUPRUHLWFDQEHFOHDUO\VHHQWKDWIRU3G
GHSRVLWHGRQZRRGDSSOHFDUERQWKHRQVHWRIIRUPLFDFLGHOHFWURR[LGDWLRQWDNHVSODFHDWDERXW9ZKHUHDVWKH
3G GHSRVLWHG RQ9;& VKRZHG DQ RQVHW SRWHQWLDO RI QHDUO\ P9 OHVV WKDQ WKDW RI 3GZRRG DSSOH FDUERQ7KLV
VXJJHVWV WKDWFKDQJLQJ WKHVXSSRUW IURP9;&WR:$6DFWLYDWHGFDUERQKDVDOVR LQIOXHQFHRQ WKHRQVHWSRWHQWLDO
)URPWKHDERYHUHVXOWVLWFDQEHREVHUYHGWKDW3GGHSRVLWHGRQ:$6VXSSRUWVKRZHGKLJKHUDFWLYLW\WKDQ3G9;&
WRZDUGV +&22+ R[LGDWLRQ 7KLV SKHQRPHQRQ FDQ EH DWWULEXWHG WR WKH EHQHILFLDO HIIHFWV RI WKH LQFUHDVHG 3G
XWLOL]DWLRQUHVXOWLQJIURPLPSURYHGGLVSHUVLRQRIPHWDOQDQRSDUWLFOHVDQGWKHKLJKHUHOHFWURFKHPLFDODFWLYHVXUIDFH
DUHDRIWKHHOHFWURGH7KHUHIRUH3GGHSRVLWHGRQ:$6DFWLYDWHGFDUERQKDVDFRQVLGHUDEOHLQIOXHQFHRQWKHFDWDO\WLF
DFWLYLW\ WRZDUGV IRUPLFDFLGR[LGDWLRQ7KHVH UHVXOWV VXJJHVW WKDW UHSODFHPHQWRI9;&E\:$6DFWLYDWHGFDUERQ
FDQ EH FRQVLGHUHG DV D VXSUHPHPHWKRG WRPHHW WKH GHPDQGV RI KLJK GLVSHUVLRQ DQG DYRLG DJJORPHUDWLRQ RI 3G
QDQRSDUWLFOHV
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
)LJ&RPSDULVRQRIF\FOLFYROWDPPRJUDPVRI3GFDWDO\VWVGHSRVLWHGRQDZRRGDSSOHVKHOOFDUERQDQGE9XOFDQ;&5
VXSSRUW LQQLWURJHQVDWXUDWHG0+&22+LQ0+62DWDVFDQUDWHRIP9V&DUERQVXSSRUWZDVVXEMHFWHG WR
F\FOHVRIHOHFWURFKHPLFDODFWLYDWLRQLQQLWURJHQVDWXUDWHG0+62SULRUWRGHSRVLWLRQ3GZDVHOHFWURGHSRVLWHGIURPP0
3G&OLQ0+&O2/RDGLQJRIFDUERQRQJUDSKLWHVXEVWUDWHJFP
&RQFOXVLRQV
3GZDVHOHFWURFKHPLFDOO\GHSRVLWHGDWDSRWHQWLDORI9YV5+(LQDQDFLGLFPHGLXPIURPFKORULGHSUHFXUVRU
3G&O7KHHIIHFWRISUHFXUVRUFRQFHQWUDWLRQDQGVXSSRUWZDVVWXGLHGLQUHODWLRQWRWKHGLVSHUVLRQRI3G,QLWLDOO\
WKH LQIOXHQFH RI SUHFXUVRU FRQFHQWUDWLRQ ZDV VWXGLHG RQ 9;& 6(0 LPDJHV VKRZHG LQFUHDVLQJ WKH SUHFXUVRU
FRQFHQWUDWLRQXSWRP0OHDGWRWKHIRUPDWLRQRIZHOOGLVSHUVHG3GQDQRSDUWLFOHV$WFRQFHQWUDWLRQEH\RQGP0
DJJUHJDWH RI 3G SDUWLFOHV ZLWK ORZHU FDWDO\WLF DFWLYLW\ WRZDUGV R[\JHQ UHGXFWLRQ ZDV REVHUYHG +HQFH ZH KDYH
FKRVHQDFDVHRIDJJUHJDWHIRUPDWLRQHJHOHFWURGHSRVLWLRQDWP0WRSURYHWKHPHWDOGLVSHUVLRQE\FKDQJLQJWKH
VXSSRUWPDWHULDO6(0LPDJHVRI3GHOHFWURGHSRVLWHGIURPP0SUHFXUVRUFRQFHQWUDWLRQRQ:$6DFWLYDWHGFDUERQ
VKRZHGZHOOGLVSHUVHGPRUSKRORJ\UHODWLYHWR3GGHSRVLWLRQRQ9;&7KLVFDQEHDWWULEXWHGWRWKHSRURXVQDWXUHRI
ZRRG DSSOH FDUERQ VXSSRUW IDFLOLWDWLQJ WKH GLVSHUVLRQ RI 3G PHWDO SDUWLFOHV GXULQJ WKH GHSRVLWLRQ 7KH (6$
GHWHUPLQHGXVLQJK\GURJHQDGVRUSWLRQGHVRUSWLRQH[SHULPHQWVDVZHOODV&2R[LGDWLRQGLVSOD\HGKLJKHUYDOXHIRU
3G:$6VXSSRUWWKDQ3G9;&
/LQHDU VZHHS YROWDPPRJUDPV UHFRUGHG LQ R[\JHQ VDWXUDWHG VROXWLRQ VKRZHG DQ LQFUHDVH LQ RQVHW SRWHQWLDO
WRZDUGVSRVLWLYHGLUHFWLRQDQGKLJKHUFXUUHQWGHQVLW\IRU:$6DFWLYDWHGFDUERQLHDVKLIWLQRQVHWSRWHQWLDOXSWR
P9WRZDUGVSRVLWLYHGLUHFWLRQZDVREVHUYHGIRU:$60RUHRYHU3GGHSRVLWHGRQ:$6VXSSRUWGLVSOD\HGKLJKHU
FXUUHQWGHQVLW\ WRZDUGV+&22+R[LGDWLRQ WKDQ3GRQ9;&VXSSRUW7KLVFRXOGEHDWWULEXWHG WR WKH LQFUHDVHG3G
XWLOL]DWLRQUHVXOWLQJIURPLPSURYHGGLVSHUVLRQRIPHWDOQDQRSDUWLFOHVDQGLQFUHDVHLQHOHFWURFKHPLFDODFWLYHVXUIDFH
DUHDRIWKHFDWDO\VW
$FNQRZOHGJHPHQWV 
:HWKDQNWKH'HSDUWPHQWRI6FLHQFHDQG7HFKQRORJ\'67*RYHUQPHQWRI,QGLDIRUILQDQFLDODVVLVWDQFHXQGHU
6(5&)DVW7UDFN6FKHPH
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